Background and Objectives: Pancreatic cystic neoplasms (PCNs) are being increasingly identifi ed. Recent reports have described the utility of endoscopic ultrasound (EUS) in the characterization of PCNs. This study presents the diagnostic value of EUS in PCNs. Materials and Methods: A total of 108 patients (78 women and 30 men; average age, 50 years) who were confi rmed pathologically to have PCNs were analyzed retrospectively. We analyzed the clinical characteristics of 108 patients and compared the diagnostic performance of computed tomography (CT), magnetic resonance imaging (MRI), and EUS with or without fi ne-needle aspiration (FNA). Results: EUS with or without FNA signifi cantly increased the accuracy for diagnosing PCNs compared with CT (P = 0.002) and MRI (P = 0.006). According to the tumor size, the further analysis of these impacts was provided. EUS was superior to CT in the characterization of PCNs in small (< 3 cm) lesions (P = 0.003), similarly superior to MRI in large (>3 cm) lesions (P = 0.030). Furthermore, EUS is valuable for precisely characterizing internal structures, for example, septa (P = 0.004, compared with CT; P = 0.033, compared with MRI) and mural nodules (P = 0.028, compared with CT). Conclusions: In our study, EUS with or without FNA is the ideal tool for providing detailed imaging of PCNs and performed better than MRI and CT.
INTRODUCTION
Owing to the widespread use of cross-sectional imaging, pancreatic cystic neoplasms (PCNs) are now recognized more commonly by gastroenterologists. [1] Of all pancreatic cystic lesions, the prevalence of PCNs is reported to account for up to 60%. [2] Concerning epithelial type, mucinous or nonmucinous, PCNs are classified by World Health Organization (WHO) into mucinous cystic neoplasm (MCN), serous cystic neoplasm (SCN), intraductal papillary mucinous neoplasm (IPMN), solid pseudopapillary neoplasm (SPN), cystic neuroendocrine neoplasm, ductal adenocarcinoma with cystic degeneration, and acinar-cell cystic neoplasm. [3] Currently the main imaging methods to diagnose PCNs include computed tomography (CT), magnetic resonance imaging (MRI), and endoscopic ultrasound (EUS) with or without fi ne-needle aspiration (FNA). CT is often the predominant method for the characterization of cystic lesions based on its thin-section technique, enhanced or unenhanced, which can provide detailed information of the cyst's structure. MRI may be superior to CT because of its ability to determine whether there is involvement of the main pancreatic duct. However, in spite of the high quality of modern CT and MRI, the ability to distinguish neoplastic from nonneoplastic pancreatic cystic lesions remains imperfect. Recent reports have demonstrated the use of EUS in the diagnosis of PCNs, for its high spatial resolution which can describe the internal structures such as septa and mural nodules. [4, 5] The detailed imaging presented by EUS provides morphologic criteria for differentiation between various subtypes of PCNs. [6] In addition, EUS with FNA also provides a way guiding the biopsy for suspicious lesions and analyzing the cytology and biochemistry of cystic fl uid. As is reported, EUS is safe and well-tolerated with a complication rate of less than 1%. [4] With the help of the high quality of the images combined with the ability to direct FNA of cystic lesions, endoscopists can distinguish among benign, malignant, and infl ammatory cystic lesions of the pancreas. [7] In this study, we retrospectively analyzed the characterization of 108 patients with PCN who were fi nally confi rmed pathologically. In addition, we compared the diagnostic performances of CT, MRI, and EUS with or without FNA in PCNs.
MATERIALS AND METHODS
From March 2003 to September 2013, 108 patient s confi rmed pathologically to have PCN at Nanjing Drum Tower Hospital were analyzed retrospectively. This study was approved by Nanjing Drum Tower Hospital Institutional Review Board.
A total of 108 patients had PCNs, with the following breakdown by type: SCN (n = 26, 24%), MCN (n = 46, 43%), IPMN (n = 11, 10%), and SPN (n = 25, 23%). All medical records were reviewed in detail (including sex, age, presenting symptoms, tumor markers, CT, MRI, EUS with or without FNA, type of surgery, and pathologic features).
In these 108 patients, most patients (n = 95, 88%) underwent CT and 64 patients (59.3%) performed MRI. There were 76 patients (70.4%) who underwent EUS and 24 patients (22.2%) subsequently performed FNA [Table 1 ]. Furthermore, 61 patients underwent both CT and EUS, 53 patients underwent both MRI and EUS, and 63 patients underwent both CT and MRI.
The sensitivity, specificity, positive predictive values (PPV), and negative predictive values (NPV) of diagnosing PCNs in our patients with CT, MRI, and EUS with or without FNA for identifying PCNs were calculated. All statistics were performed using Statistical Package for Social Sciences (SPSS) software. Measurement data were shown with mean ± standard deviation. The Pearson chi-square test was applied to compare the difference of the data. P < 0.05 was considered statistically signifi cant.
RESULTS

Patient demographics and clinicopathological features
The mean age of the 108 patients was 49.7 ± 15.7 years (ranging from 14 to 78 years). In these patients, there were 78 women (72.2%) and 30 men (27.8%). Of the 108 patients, 46 patients were identifi ed incidentally because of unrelated indications. In our data; abdominal pain or dyspepsia (38%), abdominal mass (5.6%), pancreatitis (8.3%), and jaundice (1.8%) were the common clinical manifestations.
In our series, all cystic lesions were confirmed pathologically, except for three patients who only had EUS-guided fi ne-needle aspiration (FNA) for cytological and biochemical analysis. The size of PCNs ranged from 0.8 to 22.5 cm. The mean size of PCNs was 5.75 ± 3.93 cm. On pathology, the 108 patients with PCNs were divided into four grades: Adenoma (n = 82, 75.9%), borderline (n = 14, 13.0%), carcinoma in situ (n = 4, 3.7%), and invasive carcinoma (n = 8, 7.4%).
Th e characteristics of four major types of PCNs
Distinguishing among the four major types of PCNs is important. SCNs occurred mostly in women (14/26), Table 1 and patients were nearly in their late 50s to early 60s (57.24 ± 9.22 years). Previous studies showed that they occurred most frequently in the body or the tail of the pancreas. [8] While in our series (26 patents with SCNs), the neoplasms in 14 patients occurred in the head of the pancreas and in seven patients occurred in the body or the tail of the pancreas with the overall mean size of 3.77 ± 1.61 cm.
. Accuracy of CT, MRI, and EUS of all the patients for diagnosing the PCNs
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MCNs more frequently occur red in women (37/46), with a peak incidence in the 50s (50.87 ± 14.7 years). In our series, MCNs mean size was 6.6 ± 4.49 cm. Furthermore, the body and the tail of the pancreas (n = 39, 84.8%) were predominantly affected.
IPMNs were diagnosed in the elderly, in their 60s and 70s (64.36 ± 8.64 years). In contrast, there was a slight male preponderance (7/11). They occurred frequently in the head of the pancreas (n = 7, 63.6%) and the mean size of IPMNs was 3.19 ± 1.51 cm.
The patients with SPNs occurred predominantly in young women (23/25). The mean age at diagnosis was 34.44 ± 12.62 years. The mean size of SPNs (7.38 ± 3.99 cm) was larger than others. Sometimes SPNs were analyzed to occur evenly throughout the pancreas.
Diagnostic imaging of PCNs
The sensitivity, specifi city, PPV, and NPV of CT, MRI, and EUS with or without FNA of all the patients were shown in Table 1a .
Nowadays, CT generally ser ves as the main examination before surgery. The accuracy of CT and MRI for making the correct diagnosis in pancreatic cysts ranges from 40 to 60%. [9, 10] However, the routine diagnostic methods for diagnosing PCNs were only modestly effective. In our s eries, the sensitivity of CT and MRI for diagnosing PCNs was 54.7 (52/95) and 56.3% (36/64), respectively [ Table 1a ]. The imaging of CT and MRI for making incorrect diagnosis in PCNs was summarized in Table 2 .
Recent advances in EUS have made it possible for more accurate diagnosis. In this study, the sensitivity of EUS with or without FNA was 81.6% (62/76) [Table 1a ]. However, there were still 14 patients with incorrect diagnosis [ Table 2 ].
Incremental diagnostic accuracy of EUS over CT and MRI
The sensitivity of these three diagnostic methods was signifi cantly different between each other (P = 0.000). In our series, there were 61 patients underwent both CT and EUS. We then found that EUS with or without FNA (50/61) increased the accuracy for diagnosing PCNs compared with CT (34/61) (81.9 vs. 55.7%, P = 0.002). Similarly, in those 53 patients who underwent both MRI and EUS, EUS with or without FNA (43/53) was superior to MRI (30/53) in the characterization of PCNs (81.1 vs. 56.6%, P = 0 .006). There was no signifi cant difference between the ability of CT (34/63) and MRI (35/63) to correctly diagnose PCNs (53.9 vs. 55.6%, P = 0.858) in o ur data [Table 1b ].
In general, tumor size would impact on the accuracy of methods in the characterization of PCNs. A perspective for further analysis of these impacts was provided. In our series, there were 15 patients who underwent both CT and EUS in small (< 3 cm) lesions, 46 patients in large (≥3 cm) l esions. We found that the EUS with or without FNA (12/15) was superior to CT (4/15) in the characterization of PCNs in small lesions (80.0 vs. 26.7%, P = 0.003). H owever, there was no signifi cant difference between EUS (38/46) and CT (30/46) for diagnosing PCNs in large lesions (82.6 vs. 65.2%, P = 0.058) [ Table 3 ]. Thirteen patients underwent both MRI and EUS in small lesions and 40 patients in large lesions. Th ere was no signifi cant difference between EUS (11/13) and MRI (7/13) in the characterization of PCNs for small lesions (84.6 vs. 53.8%, P = 0.084). Perhaps because of the sample size in our study was rather small. Furthermore, in these 13 patients, five patients were IPMN. MRI could determine whether there is involvement of the main pancreatic duct, nowadays MRCP is the optimal choice to diagnose the IPMN. [11] The accuracy of MRI for diagnosing these five IPMNs was 80% (4/5). In those large lesions, EUS with or without FNA (32/40) was superior to MRI (23/40) for diagnosing PCNs (80.0 vs. 57.5%, P = 0.030) [ Table 3 ].
For its high spatial resolution, EUS could precisely show internal structures, for example, septa and mural nodules. In our series, septa were detected on 25 of 46 lesions by CT and 38 of 46 lesions by EUS (54.3 vs. 82.6%, P = 0.004). Likewise, septa were detected on 20 of 34 lesions by MRI and 28 of 34 lesions by EUS (58.8 vs. 82.4%, P = 0.033). Of the mural nodules, the EUS with or without FNA (16/21) was superior to CT (9/21) in the characterization of mural nodules i n PCNs (76.2 vs. 42.9%, P = 0.028). However, there was no signifi cant difference between EUS (14/18) and MRI (10/18) in the characterization of mural nodules in PCNs (77.8 vs. 55.6%, P = 0.154) [ Table 3 ].
DISCUSSION
The clinical manifestation of the PCNs is usually atypical. Currently the diagnosis and management of the PCNs are common problems. Much emphasis is placed on the size and the morphology of the PCNs. It is necessary to distinguish mucinous from nonmucinous cysts and benign from malignant cysts [12, 13] , and important for doctors to decide which tumors require surgery and which may be managed expectantly.
For the diagnostic modalities of PCNs, the noninvasive diagnosis primarily depend on CT and MRI features, especially CT scan, which continues to be the most common diagnostic method. On CT images, parenchymal changes, cystic lesions, and a diffusely dilated pancreatic duct are the most common fi ndings. [14] For the reason that MRCP is able to clearly present the ductal connection in patients, MRI is increasingly adopted to diagnose pancreatic cystic lesions. MRCP is the optimal choice to diagnose the IPMN and detect type and extent of disease. [11] However, CT and MRI cannot exactly analyze the characterization of the pancreatic cysts. [9, 15] While, other than CT and MRI, EUS allows close and high-resolution imaging of pancreatic cystic lesions morphology. Even though the position of the lesion is usually known before the EUS examination, it is important to examine the entire pancreas, starting with the uncinate process and finishing with the tail. [16, 17] Because of the ability in the characterization of main ductal communication, septa and mural nodules, as well as the ability to direct the analysis of cystic fl uid for cytology and biochemistry, EUS is considered as an optimal imaging modality to diagnose pancreatic cystic lesions. [12, 18] On EUS imaging, there are various morphologic features for the subtypes of PCNs. The serous cystadenoma generally reveals a microcystic lesion in EUS imaging with little free fl uid in the locules. [14] The typical imaging of EUS for SCN includes aggregates of some small fluid filled cavities (typically less than 5 mm in size) making a honeycomb appearance, which SPNs present with various features and ranges from a total solid to a mixed solid and cystic mass. They are usually well-defi ned and present with hypoechoic masses. [19] Some morphological features on EUS imaging of the various subtypes of PCNs in our series are presented in Figure 1 .
In this study, we described the value of EUS in the characterization of PCNs by retrospectively analyzing the patients in our hospital. On one hand, we analyzed the clinical characteristics of the 108 patients with PCNs. On the other hand, we compared the diagnostic performances of CT, MRI, and EUS with or without FNA in PCNs. In consequence, EUS was signifi cantly more sensitive in accurately classifying a cyst as neoplasm than CT (P = 0.002) and MRI (P = 0.006). In addition, the EUS was superior to CT in the characterization of PCNs in small lesions (P = 0.003), similarly superior to MRI in large lesions (P = 0.030). Furthermore, EUS is valuable for precisely characterizing internal structures, for example, septa (P = 0.004, compared with CT and P = 0.033, compared with MRI) and mural nodules (P = 0.028 compared with CT). Then, in our 24 patients who underwent EUS then subsequently performed FNA, the accuracy of FNA alone was 58.3% (14/24) in concordance with other studies, which report that the accuracy is approximately 50%. [16] In spite of our fi ndings, a large prospective, multicenter, ultrasound study found that the accuracy of EUS examination alone for distinguishing mucinous from nonmucinous cystic lesions was only 51%. [16] A retrospective study compared MRI and EUS in the diagnosis of pancreatic cystic lesions [20] and yielded no significant difference between the ability of MRI and EUS to correctly classify pancreatic lesions as cystic or solid. Nevertheless, gastroenterologists prefer EUS because the biopsy and aspiration can be performed during the same examination which can increase diagnostic accuracy. [21] A retrospective study reported the incremental increase in diagnostic yield of EUS over CT and MRI for predicting the neoplastic cyst is 36 and 54%, respectively. [18] Yet, there were also some limitations of this study.
Our study was retrospective, leading to some inaccurate information, which could not be avoided. In ad dition, the sample size in our study was rather small. We hope to enlarge our database in the near future. Furthermore, we could not acquire interobserver agreement of images of CT, MRI, and EUS.
In conclusion, EUS with or with out FNA plays a very important role in the characterization of PCNs which composed of a wide range of lesions from benign cysts to malign ancies. In our study, EUS was superior to CT and MRI in accurately classifying a cyst as a neoplasm. More well-designed, prospective studies are needed to enhance our understanding of the accurate diagnostic value of EUS in PCNs.
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